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SPECIFICATION 

MANUFACTURING METHOD FOR FRAME BODY AND FRAME BODY 



Field of the Invention 

The present invention relates to a manufacturing method for a 
frame body suitable for use in the manufacture of specific parts for such 
as turbine-operated apparatuses and the like. 

Priority is claimed on Japanese Patent Application No. 
2002-203981, the content of which is incorporated herein by 
reference. 

Description of Related Art 

Conventionally, in gas turbines for electrical generators and the 
like, a structure is known in which, in order to increase the jet velocity of 
the combustible gas to the turbine blades, a rectangular frame body is 
provided on the outlet of the heat chamber through which the combustion 
gas flows, that is, the open part on the turbine side, and the 
cross-sectional area of the flow path of the combustion gas is narrowed by 
this frame body. Generally, the frame body is structured such that the 
thickness in the direction along the open surface of this frame body 
differs at each of the opposing edges that impart this rectangular shape. 
Generally, the followings are known as a manufacturing method for this 
frame body. 

First, among the edges that impart the rectangular shape to the 
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frame body that is to be formed, a square bar is curve molded so as to 
form a rectangular shape. This square bar provides a cross-sectional 
dimension that is equal to the thickest width in the direction along the 
open surface of this frame body. At this time, both end surfaces of the 
square bar are abutted, these end surfaces are subsequently joined by 
flash butt welding, and a rectangular member is formed. In addition, 
cutting processes are applied to predetermined edges among the edges of 
this rectangular member, and the edges are formed to a predetermined 
thickness in the direction along the open surface. Thereby, a frame 
body is formed in which the thickness differs at each of the opposing 
edges that impart the rectangular shape. In addition, methods in which a 
blanking process and a cutting process are applied to form a frame body 
are generally well-known. 

However, according to the conventional manufacturing method for a 
frame body, first, in the case in which the frame body is formed by using 
a square bar, it is necessary that the cross-sectional area of this square 
bar be completely uniform in the longitudinal direction, and thus after the 
rectangular member is formed by deforming, cutting processes must be 
applied to the edges that are thin. Thus, there is the problem in that a 
large amount of waste material is produced. Furthermore, the proportion 
of the manufacturing time for the frame body occupied by these cutting 
process time is high and thus the manufacturing time for the frame body 
required, and coupled with the problem of the waste, there is the problem 
in that the frame bodies become expensive. Next, in the case in which 
blanking processes and cutting processes are applied to a plate to form 
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the frame body, material positioned on the plate at the opening of the 
frame body and the outside of the frame body becomes unnecessary, and 
thus there is the problem in that very large amount of waste material is 
produced. Furthermore, as described above, there are the problems that a 
5 processing time is protracted and the frame body becomes expensive. 

SUMMARY OF THE INVENTION 
In consideration of the problems described above, it is an object of 
the present invention to provide a manufacturing method for a frame body 
10 and a frame body that allows a reduction of the amount of waste material 
when forming the frame body and allows the frame bodies to be formed 
inexpensively. 

In the manufacturing method for a frame body of the present 
invention, after ring rolling a metal material to form a ring-shaped 

15 member, and after forming a rectangular member by applying pressing in 
the radial direction and deforming to the ring-shaped member, the 
rectangular member is placed in a mold and pressing and die forging are 
carried out to form the frame body. 

According to the manufacturing method for a frame body of the 

20 present invention, it becomes possible to form the frame body by 

restraining to a minimum the number of cutting process steps. Therefore, 
because it becomes possible to reduce the amount of waste metal material 
and shorten the manufacturing time for the frame body, it becomes 
possible to manufacture the frame body inexpensively. 

25 In addition, because the frame body is formed from ring-shaped 



member that is formed by ring rolling, it is possible to make the grain 
flow continuous between each of the wall portions that form the frame 
body. Thereby, the grain flow of the frame body becomes continuous in 
the circumferential direction, and thus it becomes possible to realize an 
5 increase in the mechanical strength, in particular, the creep strength, 
against a force directed from the inside of the frame body towards the 
outside. 

When forming the rectangular member, the angle of the corner 
portions that impart the rectangular shape to the rectangular member may 

10 be smaller than the angle of the frame body after die forging. 

In this case, the angle of the corner portion that imparts the 
rectangular shape to the rectangular member may be formed smaller than 
the angle of the frame body, and thus it becomes possible to restrain the 
occurrence of underfills at the corner portion of the forged member when 

15 die forging the rectangular member. That is, this effect of restraining of 
the occurrence of underfills is particularly remarkable in the following 
cases. 

When die forging the rectangular member, the rectangular member 
is pressed in the direction that is perpendicular to the direction along the 

20 open surface thereof, but when the angle of the rectangular member is 
large, the inner surface of the corner portion is bitten into by the mold, 
and thereby large burrs occur. As a result, underfills occur in parts of 
the frame body, that is, the outer surface. However, if the angle of the 
corner portion of the rectangular member is formed so as to be smaller, 

25 the inside surface of the corner portion is not bitten into by the mold, and 



thus it becomes possible to restrain the occurrence of burrs in the inside 
surface, and it becomes possible to restrain the occurrence of underfills. 

Furthermore, when the angles of the rectangular member are formed 
so as to be smaller than those of the frame body to be formed, as a result, 
5 these corner portions project outside of this rectangular member, and it 
becomes possible to make the length of the circumference in the corner 
portion longer. In other words, it is possible to make the volume in the 
corner portion large, which means that it is possible to provide pads in 
these rectangular members. When die forging is applied to this 
10 rectangular member to form a frame body, it is possible to thicken the 
wall of the corner portion of this frame body. Therefore, it becomes 
possible to form corner portions that have thick walls. Therefore, the 
corner portions in the frame body at which stress is concentrated are 
thickened, and thus it is possible to form simply and reliably a 
15 high-strength frame body. 

When forming the rectangular member, an insert may be disposed 
inside the ring-shaped member. 

In this case, when forming the rectangular member from the 
ring-shaped member, the insert is placed inside the ring-shaped member 
20 and pressed, and thus it becomes possible to restrain the deformation of 
the rectangular member due to pressing by using the insert. Therefore, 
it become possible to form the rectangular member into the desired shape 
simply, and it becomes possible to provide the frame body inexpensively. 

When forming the ring-shaped member, the height of the 
25 ring-shaped member in the axial direction may be formed to a height 
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equivalent to a plurality of frame bodies, and using this ring-shaped 
member, after forming the rectangular member, this rectangular member 
may be cut at a height equivalent to one frame body, and subsequently 
each of the members may be die forged. 
5 In this case, when forming the rectangular member, the height is 

formed to a height equivalent to the plurality of frame bodies to be 
formed, and subsequently, the rectangular member is cut at a height 
equivalent to one frame body, and these rectangular members are die 
forged separately to form the frame bodies. Thus, it becomes possible 

10 to form the frame bodies at a high efficiency, and it becomes possible to 
provide the frame bodies inexpensively. 

The frame body of the present invention is a metal frame body 
segmented into a plurality of wall portions, and the grain flow runs along 
the longitudinal direction of the wall portions, and these wall portions are 

15 continuous with each other. 

According to this frame body of the present invention, the grain 
flow runs along the longitudinal direction of each of the wall portions, 
and these wall portions are continuous with each other, that is, the wall 
portions and the grain flows are continuous in the circumferential. Thus, 

20 the mechanical strength, and in particular, the creep strength of this frame 
body is increased against a force directed from the inside towards the 
outside. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 FIG. 1 through FIG. 5 are explanatory drawings showing the first 



through fifth steps of the manufacturing method for the frame body 
illustrated in an embodiment of the present invention. 

FIG. 6 is an enlarged plan view showing the corner of the 
rectangular member when the frame body is formed from the rectangular 
5 member shown in FIG. 4. 

FIG. 7 is an enlarged plan view showing the corner of the 
rectangular member when the etching process has been applied to the 
rectangular member shown in FIG. 4. 

10 DETAILED DESCRIPTION OF THE INVENTION 

Below, an embodiment of this invention will be explained with 
reference to the drawings. FIG. 1 through FIG. 7 are explanatory 
drawings for explaining the manufacturing method for the frame body 
illustrated in an embodiment of this invention. 

15 First, a concavity is formed in the end surface of a metal (for 

example, a heat resistant metal such as a Ni based alloy) member that has 
been billet processed by heat forging, and then this forged member is 
formed into the ring-shaped member 1 shown in FIG. 1 by using a ring 
rolling mill. The height "A" of the ring-shaped member 1 in the axial 

20 direction is determined by taking into account the height in the direction 
perpendicular to the direction along the open surface of the manufactured 
frame body, the plastic deformation when pressing in a perpendicular 
direction during the die forging described below, and the number of frame 
bodies formed from one ring-shaped member 1 and so on. In the present 

25 embodiment, the height "A" is set such that it is possible to manufacture 



two frame bodies from one ring-shaped member 1. 

Here, the schematic structure of forging apparatus 5 that applies a 
curving process to the ring-shaped member 1 in the next step will be 
described. As shown in FIG. 2, the forging apparatus 5 has a base 2, a 
5 first punch 3 provided so as to be able to move reciprocally with respect 
to the surface of the base 2, and a set of second punches 4 provided so as 
to be able to approach and separate synchronously in a direction that is 
vertical to the direction of movement of the first punch 3. Here, the 
opposing surfaces of the base 2 and the first punch 3 have flat surfaces, 

10 and the opposing surfaces of the set of second punches 4 are curved 
surfaces that form convexities in opposing directions. 

A method, in which the ring-shaped member 1 is curve molded by 
using the forging apparatus 5 formed described above, will be explained. 
First, the ring-shaped member 1 is installed on the surface of the base 2 

15 that opposes the first punch 3, and at the same time, the insert 6 is 

disposed inside the ring-shaped member 1. Next, the first punch 3 is 
moved towards the surface of the base 2, the inner circumferential surface 
of the ring-shaped member 1 is abutted against the surface of the insert 6, 
and at the same time, the ring-shaped member 1 is pressed in the direction 

20 of movement of the first punch 3 to attain the desired thickness, and 
thereby a curve molded member 8 that provides first wall portions 7 is 
formed. 

Subsequently, as shown in FIG. 3, the first punch 3 is being abutted 
against the surface of the first wall portions 7 of the curve molded 
25 member 8, and then, without retracting the first punch 3, the second 



punches 4 are synchronously moved towards each other until the surface 
of the portion of the inner circumferential surfaces of the curve molded 
member 8 on which the first wall portion 7 has not been formed abuts the 
surface of the insert 6. At this time, in the curve molded member 8, second 
5 wall portions 9 are formed on the surface where the first wall portions 7 
have not been formed. Thereby, the first wall portions 7 and the second 
wall portions 9 are provided, and at the same time, a rectangular member 
10 is formed that provides corner portions 13, where these corner portions 
13 are connected to the first wall portions 7 and the second wall portions 
10 9. 

Here, the thickness of a first wall portion 7 is formed so as to be 
narrower than the thickness of a second wall portion 9 in the direction of 
movement of the second punch 4. In addition, due to the curved shape 
of the second punches 4, convexities 1 1 are formed at the middle of the 
15 second wall portions 9 in the direction of movement of the first punch 3, 
where this convexity 11 is convex towards the inside of the rectangular 
member 10. 

Due to the formation of these convexities 11, the angle 0 in the 
corner portions 13 is smaller than the angle formed in the case in which 

20 the convexities 1 1 are not formed, that is, in the case in which the surface 
of the second punch 4 that abuts the external circumferential surface of 
the rectangular member 10 is a flat surface. Accompanying this, the 
corner portion 13 acquires a shape that projects slightly towards the 
outside of the rectangular member 10. Note that in the present embodiment, 

25 the angle 6 of the corner portion 13 is formed at an angle that is smaller 



than the angle 01 of the part corresponding to the frame body 12 formed 
by the die forging described below, and in addition, the amount of the 
projection of the corner portion 13 is set such that there is no biting due 
to the part that forms the outside part of the corner portion 13 in a metal 
5 mold used during the die forging described below. 

Subsequently, the rectangular member 10 is removed from the 
forging apparatus 5, and at the same time, after the insert 6 that has been 
disposed in the rectangular member 10 has been removed, as shown in 
FIG. 4, the rectangular member 10 is cut at a predetermined position L in 
10 the direction perpendicular to the direction along the open surface of the 
rectangular member 10. Thereby, two rectangular members 10 are 
formed that have a height that is one half the height "A". 

In addition, after installing this rectangular member 10 in the mold 
(not illustrated), the frame body 12 has a desired shape shown in FIG. 5 A 
15 is formed by pressing and die forging this rectangular member 10 in the 
direction along the height "A". 

Here, the angle 9 in the corner portion 13 of the rectangular 
member 10 is formed smaller than the angle 01 of the corresponding 
portion 12c in the frame body 12. Thereby, when die forging is applied 
20 to the rectangular member 10, in a metal mold (not illustrated) that moves 
towards and press-forms this portion 10, the portion that forms the inside 
of the corner portion 13 of this rectangular member 10 does not bite into 
the inside of this corner portion 13. Therefore, during this die forging, 
it is possible to restrain the occurrence of burrs in the inside part of the 
25 corner portions 13, and it is possible to restrain the occurrence of 



underfills in the outside part of the corner portion 13. 

Furthermore, when the angle 0 of the rectangular member 10 is 
formed so as to be smaller than the angle 01 of the frame body 12, as a 
result, as shown in FIG. 6, this corner portion 13 projects towards the 
5 outside of the rectangular member 10, and thereby it becomes possible to 
make the circumference in this corner portion 13 long. In other words, 
it is possible to make the volume in the corner portions 13 high, which 
means that it is possible to provide pads in these rectangular members 10. 
Thus, when die forging is applied to this rectangular member 10 to form 

10 the frame body 12, as shown by the chain lines in FIG. 6, it is possible to 
make the wall of the corner portion 12c of this frame body 12 thick. 
Therefore, it becomes possible to form the corner portions 12c, which are 
stress concentration locations in the frame body 12, with thick walls, and 
thus it is possible to form simply and reliably the high-strength frame 

15 body 12. Note that because the angle 0 of the corner portion 13 of the 
rectangular member 10 widens to a desired angle 01 in the frame body 12 
during this die forging and that the amount of projection of the corner 
portion 13 is set as described above, the outside of the corner portion 13 
is not bitten into by the part that forms the outside of the corner portion 

20 13 in the metal mold during the die forging. 

The frame body 12 formed as described above is formed by 
applying curving processes and die forging processes to the ring-shaped 
member 1 that has been formed by ring rolling, and thus the frame body 
12 is extended in the longitudinal direction of long wall portions 12a and 

25 short wall portions 12b that form the frame body 12, and thus the grain 



flow is continuous between each of the wall portions 12a and 12b. That is, 
the grain flow in the circumferential direction of the frame body 12 is 
continuous. Here, the grain flow denotes the state in which the crystal 
structure of the metal material is arranged according to the deformation of 
5 this metal material due to the application of press-forming, and is also 
known as a flow line. In addition, it is known that the mechanical 
strength is higher in the direction along this grain flow than in the 
direction that is perpendicular thereto. 

There are cases in which it is possible to visually confirm the grain 

10 flow as streaks on these surfaces by applying an etching process for 10 to 
15 minutes to the ring-shaped member 1, the rectangular member 10, and 
the frame body 12, where this etching process uses a mixture of, for 
example, hydrochloric acid and hydrogen peroxide. For example, there 
are cases in which it is possible to visually confirm the grain flow 20 as 

15 shown by the chain lines in FIG. 7 in the corner portion 13 when the 
etching process has been applied to the rectangular member 10. 

In addition, as shown in FIG. 5A and FIG. 5B, the frame body 12 
can be formed, for example, with the following dimensions: the length "a" 
of the long wall portion 12a is approximately 500 mm, the length "b" of 

20 the short wall portion 12b is approximately 200 mm, the height "c" of the 
frame body 12 is approximately 50 mm, the thickness "d" of the long wall 
portion 12a is approximately 25 mm, the thickness "e" of the short wall 
portion 12b is approximately 30 mm, and the distance between the peak of 
the outer surface and the peak of the inner surface, that is, the wall 

25 thickness "f", of connection portion between the long wall portion 12a 
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and the short wall portion 12b, that is a corner portion 12c of the frame 
body 12, is approximately 50 mm. 

As explained above, according to the manufacturing method for the 
frame body according to the present embodiment, it is possible to form 
the frame body 12 by restraining to a minimum the cutting process time. 
Therefore, it becomes possible to reduce the amount of waste metal 
material and to shorten the manufacturing time for the frame body 12. 
Thus, it becomes possible to manufacture the frame body 12 at a low cost. 
In addition, when forming the second wall portions 9 and the corner 
portions 13, the angle 6 of the corner portions 13 can be made smaller. 
That is, it becomes possible to form the angle 0 of the corner portions 13 
that is smaller than the angle formed when the surface of the second 
punch 4 that abuts the outer surface of the rectangular member 10 is flat, 
and furthermore, it is possible to form the angle 9 of the corner portion 13 
so as to be smaller than the desired angle 61 in the frame body 12. 

Thereby, when die forging the rectangular member to form the 
frame body 12, the metal mold does not bite into the inner surface of the 
corner portions 13, and thus it is possible to restrain the occurrence of 
burrs on the inner surface of the corner portions 13 and to restrain the 
occurrence of underfills in the outer surface of the corner portions 13. 

In addition, because the insert 6 is disposed inside the ring-shaped 
member 1 and pressed when the rectangular member 10 is formed from 
the ring-shaped member 1, it becomes possible to limit the deformation 
due to the pressure by using the insert 6. Thus, it becomes possible to 
form the rectangular member 10 into the desired shape simply, and it 



14 

becomes possible to provide the frame body 12 inexpensively. 

In addition, taking into consideration the deformation of processing 
described above, the height "A" of the rectangular member 10 is formed 
in advance to a height equivalent to a plurality of the frame bodies 12, 
and after the rectangular member 10 is cut at the cutting positions L, the 
resulting rectangular members undergo die forging separately to form the 
frame bodies 12. Thus, it becomes possible to form the frame bodies 12 
at a high efficiency, and it becomes possible to provide the frame bodies 
12 inexpensively. 

Furthermore, the frame body 12 is formed by applying curving 
process and die forging to the ring-shaped member 1 that has been formed 
by ring rolling, and thus it is possible to run the grain flow 20 in the 
longitudinal direction of each of the wall portions 12a and 12b that form 
the frame body 12. Thereby, it is possible to make the grain flow 20 
continuous between each of the wall portions 12a and 12b via the corner 
portions 12c. That is, it is possible to make the grain flow continuous in 
the circumferential direction of the frame body 12. Thereby, it is 
possible to realize an increase in the mechanical strength, and in 
particular, the creep strength, against a force that is directed from the 
inside of the frame body 12 towards the outside. 

Therefore, in a gas turbine for an electrical generator or the like, a 
particularly remarkable effect is attained when this frame body 12 is 
installed on the outlet of the heat chamber through which the combustion 
gas flows, that is, on the open part of the turbine side, for raising the jet 
velocity of the combustion gas to the turbine blades due to tighten the 
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passage of the combustion gas. Specifically, when the frame body 12 is 
installed as described above, a large force directed from the inside of the 
frame body 12 towards the outside acts at a high temperature; therefore, 
although the creep strength is critical. Because the grain flow 20 is 
continuous in the circumferential direction of the frame body 12, it is 
possible to realize an increase in the creep strength of this frame body 12. 

In addition, due to repeated starting and stopping of the gas turbine 
for an electrical generator, a temperature cycle is applied to the frame 
body 12, thus and thermal stress is repeatedly applied, thereby, the 
durability is critical. However, because the grain flow 20 is established 
as described above, it is possible to realize an improvement in the 
durability. 

In particular, in the manufacturing method for the frame body 
according to the present embodiment, because it becomes possible to form 
thick corner portions 12c, which are locations of stress concentration in 
the frame body 12, it is possible to realize reliably an improvement in the 
mechanical stress and the durability. 

Thereby, it becomes possible to provide a particularly suitable 
frame body 12 for use in an environment in which a high load is applied 
at a high temperature cycle. 

Note that while preferred embodiments of the invention have been 
described and illustrated above, it should be understood that these are 
exemplary of the invention and are not to be considered as limiting. 
Additions, omissions, substitutions, and other modifications can be made 
without departing from the spirit or scope of the present invention. 



Accordingly, the invention is not to be considered as being limited by the 
foregoing description, and is only limited by the scope of the appended 
claims. For example, the ring-shaped member 1 may be a non-perfect 
circle. In addition, the rectangular member 10 is not limited in 
5 rectangular shape, and any polygon is suitable. In addition, as shown in 
FIG. 3 and FIG. 4, the angle 9 of the corner portion 13 is not limited to 
90°, and for example, the rectangular member 10 may also be of a 
parallelogram or fan-shape. Furthermore, the height "A" of the 
rectangular member 10 was the height for two units, but the number may 
10 be equal to or greater than this or equal to 1. 

The present invention relates to a method of manufacturing a 
suitable frame body in the manufacturing of a particular part such as a 
turbine driven apparatus. In this frame body, it is possible to make the 

15 grain flow continuous between each of the wall portions, it is possible to 
increase the mechanical strength, and in particular, the creep strength. 
Furthermore, when forming such a frame body, the occurrence of defects 
due to manufacturing is restrained, and it becomes possible to realize a 
reduction in the amount of waste metal material and the manufacturing 

20 time, and thereby it becomes possible to form the frame body 
inexpensively. 



